Abstract
Introduction
End-stage renal disease (ESRD) is associated with increased psychological distress and diminished quality of life (QoL) [1, 2] . Individuals with less severe chronic kidney disease (CKD) have also been reported to have impaired QoL [3] [4] [5] . Among patients with more severe CKD, QoL may be related to glomerular filtration rate (GFR) in a non-linear fashion. Participants in the Chronic Renal Insufficiency Cohort (CRIC) study had a decreased SF-36 physical component summary score as the GFR declined which was disproportionately reduced among individuals with a GFR ! 30 ml/min/1.73 m 2 [6] . Similar patterns were seen for a CKD-specific measure of QoL, the Kidney Disease Quality of Life (KDQOL-36). The purpose of the current study is to describe the associations between individual measures of functional status, QoL measures, depression and perceived stress with decreasing GFR in a representative sample of the US population, and to test the prior hypotheses that the prevalence of these measures of disease burden varies with GFR in a non-linear fashion.
Methods

Study Design
REGARDS is a population-based cohort study of adults aged 45 years and older in the US population [7] .
Data
Data collection methods have been published elsewhere [7] . During a telephone interview, demographic information and selfreported comorbid conditions (hypertension, diabetes, heart failure, stroke and coronary heart disease, and cancer), cigarette smoking status, alcohol intake, education and income were obtained. A person's household income was classified as low if the reported income was less than USD 15,000.
During a subsequent in-home visit, height and weight were measured and blood specimens obtained for serum creatinine and hemoglobin. BMI was calculated as the weight in kilograms divided by the height in meters squared and anemia was defined as a hemoglobin value ! 13.0 g/dl for men and ! 12.0 g/dl for women.
Depression
The 4-item Center for Epidemiologic Studies Depression Scale (CES-D-4), derived from the original 20-item CESD, was used to measure depressive symptoms [8, 9] . The CES-D-4 was developed to identify the presence of depressive symptoms and not as a diagnostic tool for clinical depression, and retains reliability and validity similar to the original 20-item instrument [9] . The CES-D-4 is a standard survey measure of depressive symptoms in older adults and has been previously used in patients with CKD [10] . The CES-D-4 uses a 4-point (0-3) scale to record specific symptoms of depression experienced during the preceding week and the scores range from 0 (no symptoms) to 12. A CESD score of 4 was defined as increased prevalence of symptoms of depression [10, 11] .
Stress
The short 4-item Cohen's Perceived Stress Scale (PSS-4) was used to assess perceived stress [12] . The PSS-4 consists of four questions: 'How often have you' (1) 'felt that you were unable to control the important things in your life', (2) 'felt confident about your ability to handle your personal problems', (3) 'found you could not cope with all the things that you had to do', and (4) 'felt difficulties were piling up so high that you could not overcome them'. Each item is scored on a 4-point scale from 'less than once a day' to '5-7 days' for a total possible score of 16 and scaled so that a low score was indicative of less stress. We defined a person as highly stressed if his or her score was 1 7. The PSS was not intended as a diagnostic tool and is used to compare stress levels among individuals within a specific sample [13] .
Perceived Poor Health
Health status was ascertained by asking 'In general, would you say that your health is excellent, very good, good, fair or poor?' We defined the last category as poor health and for slope analyses we created an ordinal variable ranking from 1 for excellent health to 5 for poor health [14] . Self-reported health status has been shown to have a strong, independent association with subsequent changes in functional status, incident morbidity and mortality [15, 16] .
Inactivity
Inactivity was ascertained by asking 'How would you compare your activity level to others your age? Would you say you are less active, same as others your age, more active, don't know/not sure?' We defined individuals as less active if they said yes to the first category.
SF-12 QoL Score
The Medical Outcomes Study Short Form-12 (SF-12) QoL scores are derived from 12 questions probing physical and mental well-being [14] . The SF-12 produces physical (PCS) and mental (MCS) component scores comparable to those from the full SF-36 questionnaire [14] and consists of questions on general health, vitality, bodily pain, social functioning, emotional and mental health, and physical functioning. The scores for both SF-12 scales range from 0 to 100, with higher scores indicating better function. The instrument has been standardized with a population mean of 50 and an SD of 10. As the two equations were nearly identical, the Vermont equation was used to convert original REGARDS creatinine values to IDMS-traceable values for determination of estimated GFR (eGFR), using the CKD-EPI estimating equation [17] :
Kidney Function
where Scr is serum creatinine, is 0.7 for females and 0.9 for males, ␣ is -0.329 for females and -0.411 for males, min indicates the minimum of Scr/ or 1, and max indicates the maximum of Scr/ or 1 [17] .
A single serum creatinine measurement was available for each participant. Individuals with a GFR 1 89 ml/min/1.73 m 2 were collapsed into a single category. We used GFR 1 89 to 60 ml/ min/1.73 m 2 and we defined CKD as being present if the eGFR was between 15 and 59 ml/min/1.73 m 2 .
Statistical Analysis
Means and proportions were used to describe the baseline characteristics and t tests, ANOVA, and 2 tests were used to test differences between groups as appropriate. Independent associations between outcomes and levels of kidney function were assessed using multivariable logistic and general linear models [18] . All of our multivariable models included age, gender, race, hypertension, diabetes mellitus, coronary heart disease, stroke, cancer, dyslipidemia, hemoglobin, and albumin level, BMI, income below poverty, education status, alcohol consumption, and smoking status as covariates.
We tested for linear trends in multivariable models by entering an ordinal variable for each of the functional or QoL attributes as the dependent variable and GFR as the linear predictor variable. We restricted these regression models to individuals with GFR ! 60 ml/min/1.73 m 2 . First we included both a linear and quadratic term for GFR to test for non-linearity; if the quadratic term was not significant (p 1 0.05) we re-ran the model with only the first order, linear term for GFR. Analyses were conducted using SAS statistical software [19] .
Results
There were 30,228 subjects recruited into the cohort at close of enrollment and 28,923 were included in our analyses. We excluded 1,305 participants: 1,191 missing serum creatinine and 114 with eGFR ! 15 as these subjects are defined as having ESRD and the QoL and psychological burden issues are different in this population. The mean (SD) was age of 65.3 (9.4) years; 59.2% were White and the remainder were Black and 45.3% were male. Current smoking was reported by 14.6% and 7.0% consumed more than one alcoholic beverage daily. Hypertension was present in 58.6%, diabetes mellitus, 21.2%, dyslipidemia, 58.6%, coronary heart disease, 22.8%, cerebrovascular disease, 9.9%, and cancer, 14.5%.
Nearly 13% had less than a high school education, 25.8% completed high school, 45.9% had some post-high school education and 16.0% reported professional education. A low family income was reported by 11.0% of participants. The mean BMI was 29.3 (6.2) kg/m 2 and 1.0% of subjects were underweight and 38.1% were obese. The mean serum albumin level was 4.2 (0.3) g/dl and 2.9% of participants had a serum albumin level ! 3.5 g/dl. The mean hemoglobin was 13.7 (1.4) g/dl. CKD was present in 11.6% of the subjects. The mean (SD) GFR was 85.0 (19.8) ml/min/1.73 m 2 with a 25-75th interquartile range from 73.0 to 98.2 ml/min/1.73 m 2 . All characteristics of subjects were associated with the level of kidney function ( table 1 ) . For example, mean age was 60.7 years among individuals with GFR 1 90 ml/ min/1.73 m 2 and 70.8 years among those with a GFR of 15-29 ml/min/1.73 m 2 . As the level of kidney disease became more severe the prevalence of cerebrovascular disease, coronary heart disease, hypertension, diabetes, cancer history, obesity, low albumin, anemia, less than high school education and low family income all tended to become more prevalent ( table 1 ) . In contrast, female gender, heavy alcohol use and current smoking all became less frequent. Finally, the prevalence of Black subjects was lower at earlier stages of kidney disease and higher at more severe stages ( table 1 ) .
The mean (SD) SF-12 MCS was 51.8 (7.6). As GFR declined from 6 90 to 15-29 ml/min/1.73 m 2 , the unadjusted MCS score increased slightly and then decreased among individuals with GFR 15-29 ml/min/1.73 m 2 ( table 2 ). After adjusting for other participant characteristics, including age, gender, race, comorbidity (hypertension, diabetes mellitus, coronary heart disease, stroke, cancer, dyslipidemia, anemia, and albumin level), BMI, income below poverty, education status, alcohol consumption, and smoking status, neither the quadratic term for non-linearity (p = 0.5024) nor the linear term (p = 0.8137 for the regression of the MCS score on GFR) were significant.
The mean (SD) SF-12 PCS score was 46.4 (10.4). The fully adjusted PCS declined from 40.9 to 37.3 as GFR declined from 6 90 to 15-29 ml/min/1.73 m 2 ( table 2 ) . This relationship was non-linear, with both the highest and lowest GFR strata having lower PCS scores than the next adjacent strata, an inverted 'U' pattern. Both the linear (p ! 0.0001) and quadratic (p ! 0.0001) relationships with GFR were significant in the fully adjusted models.
The mean (SD) CES-D-4 score of participants was 1.15 (2.1), and 7.6% of participants had a score of 6 4, indicative of an elevated level of distress. The prevalence of elevated depressive symptoms increased from 6.4 to 12.7% as kidney function decreased from GFR 6 89-60 to 15 The CES-D-4 depression score declined at lower levels of GFR until GFR of 15-29 ml/min/1.73 m 2 and then increased (p ! 0.0001) ( table 4 ). This relationship was significant (p = 0.035) after adjusting for other covariates. Both the quadratic (p = 0.2408) and linear (p = 0.0647) slopes for the association between GFR and CESD-4 score were non-significant.
The mean (SD) PSS stress score was 3.2 (2.9), and 14.5% had a score of 6 7 on the scale, indicative of a perception of high stress. The prevalence of high stress increased with decreasing GFR, rising from 12.2% among individuals with a GFR 60-89 ml/min/ * These analyses used the CESD and PSS as categorical variables as described in Methods. We calculated the odds ratio (95% CI) for the presence of depression and high stress compared to individuals with a GFR ≥60 ml/min/1.73 m 2 . We report unadjusted (crude) comparisons and comparisons adjusted for characteristics included in table 1: age, gender, race, comorbidity (hypertension, diabetes mellitus, coronary heart disease, stroke, cancer, dyslipidemia, anemia, and albumin level), BMI, income below poverty, education status, alcohol consumption, and smoking status. ( table 5 ) . Below 60 ml/min/1.73 m 2 , the quadratic slope for impaired activity ( ␤ = -0.0001, p = 0.0651) was marginally significant and the linear slope ( ␤ = -0.0048, p ! 0.0001) was significant.
Discussion
Our main findings are that, at lower levels of GFR, individuals in the US population report an increased burden of functional limitations and diminished QoL which is significantly attenuated, but not fully accounted for, by the presence of other participant characteristics. Although the diminished QoL and functional status we observed occurred mainly among participants with stage 4 CKD (GFR ! 30 ml/min/1.73 m 2 ), we were unable to confirm a previously reported non-linear relationship for these factors with increasing severity of kidney disease. Information about the extent of diminished functional status and QoL and the level of kidney function at which limitation occurs is important to our understanding the burden of kidney disease in the estimated 8.5% of the US population with a GFR ! 60 ml/min/1.73 m 2 [20] . Earlier studies have reported relationships between increasing severity of impaired kidney function and increased prevalence of decreased well-being and reported health, decreased physical function and increased prevalence of depression [6, 4, [21] [22] [23] [24] . Our observations of an inverse relationship between activity level and GFR are consistent with estimates of functional impairment available from NHANES III where age-adjusted prevalence of inability to walk one-quarter mile increased from 6 to 15% and to lift 10 lb from 6 to 15% as GFR among adult NHANES III participants decreased from 60 to 15 ml/ min/1.73 m 2 [25] . Chow et al. [26] examined SF-36 scores among over 10,000 participants in the Australian Diabetes, Obesity and Lifestyle Study. They found that, after adjusting for other participant characteristics, SF-36 Physical Functioning, Role-Physical, General Health, Vitality, and Role-Emotional scores were substantially lower among individuals with a GFR ! 60 ml/min/1.73 m 2 compared to participants with higher GFR. Perlman et al. [27] made similar observations for a clinic-based population of individuals with stage 4 CKD. They found that SF-36 PCS * We calculated the odds ratio (95% CI) for the presence of poor perceived health and impaired physical activity compared to individuals with a GFR ≥60 ml/min/1.73 m 2 . We report unadjusted (crude) comparisons and comparisons adjusted for characteristics included in table 1: age, gender, race, comorbidity (hypertension, diabetes mellitus, coronary heart disease, stroke, cancer, dyslipidemia, anemia, and albumin level), BMI, income below poverty, education status, alcohol consumption, and smoking status.
scores, but not MCS scores, were substantially lower among their subjects compared to the general population. These results are consistent with other clinical trials or observational studies that failed to show meaningful diminution in the MCS scores in ESRD patients [3, [28] [29] [30] [31] [32] [33] .
The association between prevalence of impaired functional status and QoL and GFR was linear and, with the exception of the SF-12 mental component score, quadratic terms in the fully adjusted models were not significant. The non-linear SF-12 MSC adjusted score was an invert 'U' pattern, where the score declined at both higher and lower GFR. We cannot, however, fully exclude non-linearity in these relationships and note that an apparent threshold for increased prevalence of CKD-related morbidity around 30 ml/min/1.73 m 2 has been reported for increased prevalence of anemia [34] , acidosis and renal bone disease [35] , mortality and progression to ESRD [36] .
Our failure to find an association between decreasing GFR and depressive symptoms is inconsistent with a recent report by Hedayati et al. [37] . They used the Beck Depression Inventory (BDI) to screen heart failure patients for depression, followed by the National Institute of Mental Health Diagnostic Interview Schedule for individuals with BDI scores 1 10. The reported prevalence of depression was 22% in subjects with a GFR ! 30 ml/ min/1.73 m 2 compared to 13% of those with less severe CKD. In contrast, Odden et al. [38] used the Patient Health Questionnaire (PHQ) to assess the presence of depression among participants in the Heart and Soul Study. They found that prevalence of depression did not vary between those with and those without CKD. Other observational studies of patients with advanced CKD often demonstrate that mean levels of BDI scores are not greatly above the cutoff for depression in the general population [39, 40] .
It is interesting that patient perception of poor health status differed with levels of GFR. Higher scores on the Illness Effects Questionnaire, a global, burden of illness scale, were reported to be associated with mortality in ESRD patients in a previous study [41] . It is possible that an instrument designed to focus on perception of burden of illness and physical activity for moderate and advanced stage CKD patients might yield meaningful information for predicting outcome and monitoring interventions.
It might be argued that our results might be due, in part, to multiple comparisons that yielded statistically significant associations that occurred through chance alone. We feel that this is unlikely. First, our hypotheses were posited prior to inspection of the data, defining the scope of the multiple testing as the six health-related QoL measures we tested. If we adjust our nominal type 1 ␣ of 0.05 to accommodate each test, we have a nominal ␣ of 0.008, which is substantially greater than the level of the statistical support for the crude associations we noted, which was generally p ! 0.0001. Further, the consistency of the associations noted argues for the non-random nature of the relationship between impaired kidney function and measures of functional status and QoL.
These observations have clinical implications for management of progressive kidney disease. The generally accepted measure of a clinically meaningful change in a health-related QoL score is one that is 6 50% of the score's standard deviation. In the general population, where the mean and standard deviation of the SF-12 are 50 and 10, respectively, this translates to a difference of 5 units [42] . A second metric uses a standardized mean response (SMR), calculated as the mean difference divided by the SD of the mean, to assess the clinical importance of a HRQoL score change [43] . An SMR between 0.2 and 0.49 characterizes a small, 0.5-0.79, a moderate, and 0.8 and above a large change in QoL.
Extrapolating from these change score metrics, the differences we found in the SF-12 PSC score with descending GFR were associated with corresponding modest, but clinically significant decrements in QoL. The fully adjusted PCS score ranged from 38.9 to 35 as GFR fell from 1 60 to 15 ml/min/1.73 m 2 , yielding an SMR of 0.49 for the PCS score SD of 10, and the difference in the PCS score was 40% of the SD. The magnitude of these differences are comparable to those reported by Lim and Fisher [44] for changes in the PCS score for SF-12 Health Survey in Australian patients with acute heart disease and stroke.
Our results suggest that clinicians should explicitly inquire about decreased physical function and decreasing QoL when interviewing patients with advancing CKD. Clinicians should be aware that declining physical function is not necessarily an inevitable consequence of advancing kidney disease and that there is evidence that exercise training is associated with improved QoL [46] [47] [48] . There is also evidence that correction of anemia may improve QoL in CKD patients [49, 50] . It seems reasonable to suggest that individually tailored exercise programs and correction of anemia should be considered for CKD patients who experience impaired functional status.
A limitation of the functional status and health-related QoL measures we used is their non-specificity for impairments related to advancing kidney disease. It is possible that individuals with stage 3 and 4 CKD experience early manifestations of symptoms common to more advanced kidney disease that are not captured by more generic QoL and functional status instruments [51] . Relevant to this possibility is a recent report by Agarwal [52] who surveyed the prevalence of symptoms in 92 individuals with stage 3 and 4 CKD commonly associated with impaired kidney function. He found that the most common symptoms of at least moderate severity included: 'tire easily', limited physical activity, nocturia, joint pain and 'stop and rest often'. Factor analysis identified four domains -neuropsychiatric, cardiovascular, uremia and anemia symptoms -that accounted for most (73%) of the individual symptom variability. These observations, and our results, support the need to better understand the symptom burden of individuals with less advanced CKD and suggest that CKD-specific tools may be needed to effectively accomplish this task. We assessed the degree to which individuals excluded with missing creatinine values might have influenced our conclusions by assigning them to the group of individuals with eGFR 1 90 and re-running our adjusted analyses of mean scores. The results of this sensitivity analysis were comparable to those reported in the text and do not modify our conclusions. Finally, it is possible that other comorbidities associated with decreased kidney function that we did not assess during the baseline interview, like heart failure, periodic hypoglycemia, or obstructive sleep apnea, may have confounded our observations and additional studies are clearly indicated before we fully understand the relationship between functional status and QoL with decreased kidney function.
In conclusion, as kidney function decreases, individuals with CKD are increasingly likely to experience lower QoL, particularly physical limitations that cannot be attributed to other comorbid conditions. Clinicians caring for these individuals should be aware of the increased prevalence of impaired functional status and QoL, serially solicit information about the presence of these symptoms as GFR declines, and be aware of the potential role that exercise programs and control of anemia may have in preventing or ameliorating this CKD-associated disease burden.
